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Abstract  
 
Compared  with  the  other  necessities  of  life,  obligatory  continuous  consumption   is  a  unique  

property  of  Air. Air pollution means that foreign matter in the air, which affects the health of humans 

and other living organisms negatively. In this study, we aimed to elaborate the correlation between air 

quality and Cardiovascular, Cerebrovascular and Respiratory Diseases. Air pollution is the 

contamination of the internal or external environment of any chemical, physical or biological agents 

and the modification of the natural characteristics of the atmosphere. The study is conducted in the 

province of Kirklareli, Turkey. Although there is no industrial activity in the region, air pollution rates 

are very high. With this project, we seek to determine the correlation between air quality and diseases 

of circulatory and respiratory systems. The health data is extracted Death Notification Systems of 

Turkish Republic’s Ministry of Health, while the air quality data is provided by National Air Quality 

Monitoring Stations working under the auspices of Turkish Republic’s Ministry of Environment and 

Urbanization. In the study, a data analysis using the linear regression method is realized and 

discovered a significant percentage of correlation between these two data sets. 
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1. Introduction 

 

Especially in recent years, air pollution is a subject that attracts attention in the health sector. Air 

pollution is the contamination of the internal or external environment of any chemical, physical 

or biological agent and the modification of the natural characteristics of the atmosphere [1]. 

Pollutants that lead to serious health problems include particulate matter, carbon monoxide, 

nitrogen dioxide and sulfur dioxide [2]. One of the polluting substances is called “particulate 

matter”, abbreviated “PM”. PM is the term used for the mix of solid particles and liquid droplets 

in the air. These particles and droplets are extremely small and are made up of acids, organic 

chemicals, metals, soil particles and dust particles [3]. PM is taken in the body by inhalation due 

to their small size and after inhalation can lead to serious health problems [4]. According to the 

report published in 2014 by the World Health Organization, WHO [5], 7 million people 

worldwide died due to air pollution in 2012 [6]. 

 

As Anderson et al. (2012) have indicated; cardiovascular events and mortality rates are 

significantly higher in populations with long-term exposure to PM [3]. Dockery et al. (1993) 

observed 8111 people for 16 to 18 years and as a result of the study a 29% increase in the 

mortality rate was determined in the most polluted cities compared to the less polluted cities [7]. 
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Many previous studies have been based on air quality measurements, largely focusing on urban 

Pollution [8 –13]. Dominici et al (2006) estimate risks of cardiovascular and respiratory hospital 

admissions associated with short-term exposure to PM2.5 for Medicare enrollees and to explore 

heterogeneity of the variation of risks across regions and indicated that short-term exposure to 

PM2.5 increases the risk for hospital admission for cardiovascular and respiratory diseases [14]. 

Here we present results obtained the study conducted on the province of Kırklareli. Although 

there is no major industrial activity in the region air pollution rates are high. In order to reveal the 

correlation between the air quality and mortality caused by circulatory and respiratory systems’ 

diseases, a data analysis using regression analysis will be presented.  

 

The rest of the paper is organised as follows: in the next section, we describe the two data sets; 

their sources, structures and contexts. Then we explain the data preparation phase processed for 

each of them. After that we describe the data analysis phase and the linear regression model 

constructed. Finally, we close by summarising the results and suggestions for future research. 

  

2. METHODS 

 

2.1. Data Sources 

 

To determine the correlation between air pollution and cardiovascular, cerebrovascular and 

respiratory diseases, two different data sets are collected. The first data set contains the data 

produced by National Air Quality Monitoring Stations [15] working under the auspices of 

Turkish Republic’s Ministry of Environment and Urbanization [16]. The second one contains the 

data extracted from Death Notification Systems [17] of Turkish Republic’s Ministry of Health 

[18]. 

1. National Air Quality Monitoring Stations’ Data: These data are available on the web sites of 

Air Quality Monitoring Stations [15]. Thanks to these data it is possible to reach PM10 and 

sulfur dioxide (SO2) values of air pollution. The weather data are collected by monitoring 

stations via remote sensors located at various points of the region. Every day, hourly 

measurements are taken to determine the direction and speed of the wind, the temperature of 

the air, the air pressure and the relative humidity, the amount of rainfall, and the amounts of 

micrograms of components forming in one cubic meter of air. 

2. Death Notification System’s Data: This is the demographic data about the deaths and causes 

of deaths on the Death Notification System, managed by the Ministry of Health, the Turkish 

Public Health Authority. In Turkey, physicians working in local municipalities, primary care 

physicians, and community health center’s practionners, or emergency physicians at health 

institutions may generate the death notification data. The data include the cause of death, 

contributing reasons, the definition of the disease causing the death and its relevant ICD10 

[19] code with the demographic information obtained from the Central Population and 

Administration System (MERNIS) [20]. The records include; 

a. Unique number assigned to each individual 

b. City name where the death occurred 

c. District name where the death occurred 

d. Village name where the death occurred 

e. Institution name that registered the death 
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f. Sex of the individual 

g. Profession of the individual 

h. Nationality of the individual 

i. Date of birth of the individual 

j. Date of death of the individual 

k. Age of the individual 

l. Place of death 

m. Reason of death (6 columns for main and underlying causes of death which are 

registered by hand) 

n. Reason of death ICD-10 (4 columns for main and underlying causes of deaths that are 

selected from ICD-10 codes) 

o. City of residence of the individual 

p. District of residence of the individual 

 

2.2. Data Processing 

 

The study is conducted in the province of Kirklareli, Turkey. Although there is no industrial 

activity in the region, air pollution rates are very high. The region’s air quality data are recorded 

since 2011 but in the study the data; which covers the period from 2013 till 2016 is used because 

the Death Notification System is operational only since 2013. Two data sets have different 

structures and contexts. Before determining the correlation between these two data sets, a 

cleaning and preparation process is conducted on the data.  

 

2.2.1 Data Preparation Process for Death Notification System’s Data  

 

The data has been acquired in spreadsheet file format. The file consists of 7439 tuples. Each tuple 

corresponds to an individual death’s records including the attributes cited above. For each tuple 

there are six attributes to specify the main and underlying causes of death as well as four 

attributes for underlying and underlying causes of death selected from ICD-10 codes. As a result 

of the primary analysis of the death cause attribute, some of the death causes such as drowning, 

car accident, injurry are found irrelevant to air pollution by their nature. So, another operation is 

realized under the supervision of Dr. Çiğdem Cerit, the Director of Kırklareli Public Health 

Provincial Directorate in order to determine the relevant death causes. We classify them into four 

categories that are “cardiovascular”, “cerebrovascular”, “respiratory” or “other” incidents and a 

new attribute called “disease category” is added to the data. While this operation, the tuples 

containing the disease name incorrectly written are also corrected.  

 

After this cleaning operation, the data become ready to be analyzed. First, we consult the data to 

understand the structure and make interpretations by simple observation. Visualizing the data 

helps to better understand and interpret the data. Following attributes are chosen to interpret and 

visualize the data: 

 Disease category 

 District where the death occurred 

 Age of the individual 
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 Sex of the individual 

 

To learn more about our data, SQL queries are executed for each of the columns selected to study 

and the results are represented via the histograms. First, we try to determine the age interval of 

the people who are most affected from these disease groups. The results are represented in Figure 

1. 

 
Figure 1. Number of deaths by age 

 

Another query is executed to determine the mortality rate according to disease groups. The results 

are represented in Figure 2. The highest mortality rate belongs to deaths due to cardiovascular 

disease.  

 

 

 
Figure 2. Number of deaths by disease category 

 

 

The third query is lunched to determine death reason by disease category on the district and 

region basis. Figure 3 represents the distribution of diseases to the districts. The Districts 

“Lüleburgaz” and “Merkez” are affected the most by the deaths compared to the other districts  
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Figure 3. Distribution of diseases in the districts 

 

 

2.2.2 Data Preparation Process for Air Quality Data 
 

As well as health data, a data preparation process is realized for the air quality data measured in 

Kırklareli. Four districts of Kırklareli; Merkez, Lüleburgaz, Demirköy (also known as 

“Limanköy”) and Vize have air quality monitoring stations. The data produced by these stations 

is published publicly on National Air Quality Monitoring Network’s website and can be exported 

as spreadsheet format. For the study, the records between January 1, 2013 and December 31, 

2016 are only taken. As air quality is measured with several parameters on hourly basis, the 

extracted data contains 35074 tuples on average for a district. According to their capacity, the air 

quality station of each district measures different sets of parameters. In order to provide the 

homogeneity between them, we decide to include the parameters PM10, SO2, NO2, and O3 into 

the study. To qualify the air, Turkish Republic’s Ministry of Environment and Urbanization uses 

the values shown in Table 1 for these parameters. Although the air quality index accepted by 

WHO differs from the values accepted by Ministry of Environment and Urbanization, we will use 

the latter for our study. 

 

Table 1. Air Quality Index 

 
Index AQI SO2 PM10 NO2 O3 

Good 0-50 0-100 0-50 0-100 0-120 

Average 51-100 101-250 51-100 101-200 121-160 

Delicate 101-150 251-500 101-260 201-500 161-180 

Unhealthy 151-200 501-850 261-400 501-1000 181-240 

Poor 201-300 851-1100 401-520 1001-2000 241-700 

Dangerous 301-500 >1100 >521 >2001 >701 

 

The primary inspection of air quality data reveals that there are too many null values in Vize’s 

and Demirköy’s data set due to fact that these air quality measurement stations don’t work at 

those dates. For example, in Vize, the first measurement was made on September 24, 2014; 21 

months later than the beginning of our research period.  We first tried to derive and produce the 

data from existing ones and fulfill them. Unfortunately the first analysis bring out that the 

synthetic data produced in such a way has any significant impact in neither positive nor negative 
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way on the results. We then decided to remove these two districts from the study and concentrate 

on Merkez’s and Lüleburgaz’s data that contain any null or damaged values. The second issue 

that influences our decision to put Vize and Demirköy out of the study is that the number of 

deaths in these districts is significantly low, when compared to the others. This situation reduces 

the accuracy and effectiveness of the analysis. The numbers of deaths according to districts are 

given in Table 2.  

 

Table 2. Number of deaths in districts 

 
District Cardiovascular Cerebrovascular Respiratory Other % of the 

population 

Merkez 703 298 364 532 27,76% 

Lüleburgaz 1333 472 684 769 41,30% 

Demirköy 52 18 18 41 2,41% 

Vize 306 45 122 103 7,84% 

 

2.3. Data Analysis 

 

2.3.1 The Analysis Method 
 

To determine the correlation between these two data sets that are completely different each other, 

we decided to use Linear Regression method [21]. This method focuses on the form of the 

relationship between variables, while the objective of correlation analysis is to gain insight into 

the strength of the relationship [21] It is an approach to modeling the association between a 

numeric dependent variable Y and one or more independent variables denoted X. The case of one 

explanatory variable in regression model is called simple linear regression. For more than one 

explanatory variable, then the model is called multiple linear regressions. The dependent variable 

should be a numeric variable in linear regression. However, it should be noted that a statistically 

significant regression analysis does not imply the causal relationship between the two sets of data 

that it reveals to be correlated.  The existing causal relationship relation is often interpreted by a 

lurking variable that is not found in both data sets [22]. 

 

2.3.2 The Model 
 

In the study, the air quality data set is modeled as independent variable and the number of deaths 

as dependent variable. In order to determine the relevant data, first we identify the dates when the 

pollutants are above the safe limits determined by Ministry of Environment and Urbanization. 

The air quality index represented in Table 1 is used to determine the air nature for each date and 

only the dates where the air has the index “delicate”, “unhealthy”, “poor” or “dangerous” are 

taken into consideration to create the working data set. To create the model’s data set, we 

consider the date where the pollutants are above the safe limits as the initial date t0 and execute a 

SQL query to calculate number of deaths by districts for this date. The second SQL query is 

responsible for calculating cumulated number of deaths by districts between this date and a 

month before t0-1. The third one is responsible for finding cumulated number of deaths by 

districts between this date and a month after this date t0+1. To automate this process, a batch 

program is developed in Java. Once the data set is created, the simple linear regression analysis is 
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performed with Weka [23] which is a modern software platform for applied machine learning. 

 

2.3.2 Results  
The first analysis is realized on Weka platform for Merkez district. The corresponding simple 

linear regression model is represented in Figure 3. The system find out a correlation coefficient of 

0,8386 which is a significant value.  

 

 
Figure 3. Merkez 

 

The second analysis is realized on Weka platform for Lüleburgaz district. The corresponding 

simple linear regression model is represented in Figure 4. The system find out a correlation 

coefficient of 0,877 which is a significant value representing a closer correlation.  

 

 
Figure 4. Lüleburgaz 
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When interpreting the results of a simple linear regression analysis, it is not sufficient to take 

consider only the correlation coefficient.  The root mean squared error also should be taken into 

account. The lower is this value, the more accurate the regression line drawn for the data set is. In 

this case, when both results are observed, it is found out that the root mean squared error values is 

quite low. Therefore, it is possible to conclude that the models are optimally designed.  

 

3. Discussion 

 

In this study, a correlation between air quality and circulatory and respiratory systems diseases is 

discovered upon the results of simple linear regression analysis for two Kırklareli’s districts. 

Defining the correlation is the first step to achieve in the study since it cannot explain the causal 

relationship despite the analysis reveals the existence of the correlation between them. For this 

reason, in the near future  the study will continue by further analysis through using complex 

network analysis in order to reveal the lurking variable to construe the causal relationship 

between them.  

 

4. Conclusions 

 

The objective of this study was to determine if there is a correlation between air quality and 

circulatory and respiratory systems’ diseases. The analysis is realized with the health data 

acquired from the “Death Notification System” and the air quality data collected through 

Ministry of Environment and Urban Planning. The analysis is limited to Kırklareli and its 

province and the dates between years 2013 and 2016. We used the simple linear regression 

method to analyse the collected data and discovered a significant correlation between air quality 

and aforementioned diseases. 

 

The results of the analysis may help to take concrete steps on the optimization of the services 

provided by the Ministry of Health throughout the region. Effective and efficient outcomes have 

been achieved for both patient and healthcare providers, for example, in determining the most 

suitable locations for opening specific services such as the coronary intensive care unit, and 

determining the most efficient way of employing specialists such as cardiologists. At the same 

time, reducing the costs of the necessary treatments is intended by decreasing the possibility of 

future diseases by determining the places where the environmental health service should be 

provided and the types of preventive services that are needed. 
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